
APPENDIX 

 

Contents 

Expected association between physical inactivity and risk of dementia based on indirect evidence 2 

Description of the cohort studies and definitions of physical inactivity and dementia   2 

Statistical analysis           5 

Statistical code            8 

Supplementary results           11 

eTable 1: Sample characteristics by cohort study        12 

eFigure 1: Random-effects meta-analysis of the age, sex, ethnicity and socioeconomic status/education 
adjusted association between physical inactivity and all-cause dementia     13 

eFigure 2: Random-effects meta-analysis of the age, sex, ethnicity and socioeconomic status/education 
adjusted association between physical inactivity and all-cause dementia with 2 follow-up periods 14 

eFigure 3: Random-effects meta-analysis of the age, sex, ethnicity and socioeconomic status/education 
adjusted association between physical inactivity and Alzheimer’s disease with 2 follow-up periods 15 

eFigure 4: Random-effects meta-analysis of the age, sex, ethnicity and socioeconomic status/education 
adjusted association between physical inactivity and incident diabetes with 2 follow-up periods  16 

eFigure 5: Random-effects meta-analysis of the age, sex, ethnicity and socioeconomic status/education 
adjusted association between physical inactivity and incident coronary heart disease with 2 follow-up 
periods             17 

eFigure 6: Random-effects meta-analysis of the age, sex, ethnicity and socioeconomic status/education 
adjusted association between physical inactivity and incident stroke with 2 follow-up periods  18 

eFigure 7: Summary estimates from age, sex, ethnicity and socioeconomic status/education associations of 
physical inactivity and dementia and Alzheimer’s disease in a follow-up starting at year 10 before and after 
Fine & Gray correction for competing risk        19 

eFigure 8: Random-effects meta-analysis of the long-term association between physical inactivity and all-
cause dementia and Alzheimer’s disease in the present data and those from previous studies  20 

References            21 

 

 

 

 



 2 

Expected association between physical inactivity and risk of dementia based on indirect evidence 

Expected direct association between physical inactivity and risk of dementia based on previous 
studies on physical inactivity and risk of cardiometabolic disease and those on cardiometabolic 
disease and risk of dementia was calculated as follows:1 

Expected HR1 = !(#$(%&')	∗	#$(%&+)), 
where HR1 is the expected hazard ratio for physical inactivity and dementia, HR2 is hazard ratio for 
physical inactivity and cardiometabolic disease, HR3 is hazard ratio for cardiometabolic disease and 
dementia, and ln is natural logarithm.  

According to recent data syntheses and major studies, HR2 for physical inactivity is approximately 
1.2 in relation to diabetes,2 1.2 in relation to incident coronary heart disease,3 and 1.2 in relation to 
stroke.4 HR3 for dementia as the outcome is 1.6 for diabetes,5 1.3 in relation to coronary heart 
disease,6 and 2.2 in relation to stroke.7  

 

Description of the cohort studies and definitions of physical inactivity and dementia 

Finnish Public Sector study (FPS), Finland 

The Finnish Public Sector study is a prospective cohort study comprising the entire public sector 
personnel of 10 towns (municipalities) and 21 hospitals in the same geographical areas. Participants, 
who were recruited from employers' records in 2000-2002, were individuals who had been 
employed in the study organisations for at least six months prior to data collection. 48 592 
individuals (9 337 men and 39 255 women aged 17 to 65) responded to the questionnaire. Of these, 
46,529 had data on physical activity and a follow-up of dementia and were eligible for our meta-
analyses. Ethical approval was obtained from the ethics committee of the Finnish Institute of 
Occupational Health.  

Physical inactivity was defined as less than 0.5 hour of each (brisk walking, jogging, or running) per 
week. 

Participants were linked to drug reimbursement, hospitalisation and death registers. Dementia was 
defined using ICD-10, codes F00, F01, F02, F03, G30 and G31 (31.0, 31.1, 31.8) 

Reference: Kivimäki M, Lawlor DA, Davey Smith G, et al. Socioeconomic position, co-occurrence of 
behavior-related risk factors, and coronary heart disease: the Finnish Public Sector study. Am J Public 

Health 2007; 97: 874-9. 

Gazel, France 

Gazel is a prospective cohort study of 20 625 employees (15 011 men and 5 614 women) of France's 
national gas and electricity company, Electricité de France-Gaz de France (EDF-GDF). Since the study 
baseline in 1989, when the participants were aged 35–50 years, they have been posted an annual 
follow-up questionnaire to collect data on health, lifestyle, individual, familial, social, and 
occupational factors. Physical activity was measured in 1997 and 10,707 had data and were eligible 
for our meta-analysis. The GAZEL study received approval from the national commission overseeing 
ethical data collection in France (Commission Nationale Informatique et Liberté).  
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Physical inactivity was defined as “No sport activities“. For stroke ascertainment, only self-reports 
from annual follow-up surveys and mortality records were available. Dementia was defined using 
data from annual follow-up surveys requesting reported doctor-diagnosed demensis Alzheimer. 

Reference: Goldberg M, Leclerc A, Bonenfant S, Chastang JF, Schmaus A, Kaniewski N, et al. Cohort 
profile: the GAZEL Cohort Study. Int J Epidemiol 2007; 36 :32-9. 

Health and Lifestyle Survey (HALS) 

UK HALS is a nationwide sample survey of community dwelling adults in England, Scotland, and 
Wales. In 1984/1985, a total of 12,254 addresses were randomly chosen from Electoral Registers 
and one adult aged 18 years or over was selected from each household. A total of 9003 adults 
participated in the baseline examination. Ethical approval for the main HALS surveys was received 
from the BMA Ethical Committee before the launch of survey. Physical activity was measured with a 
list of 17 different sports (e.g., cycling, swimming, football) and 4 open-ended sports the participant 
could select freely. Physical inactivity was defined as not participating in any sport activities. 

Participants were linked to mortality registers and deaths from dementia were defined using ICD 9 
209-294, 331.0, 331.1, 331.2, 331.8, and 331.9. 

Reference: Cox BD, Blaxter M, Buckle ALJ, et al. The Health and Lifestyle Survey: A Preliminary 
Report. London: Health Promotion Trust; 1987. 

Health and Social Support (HeSSup), Finland 

The Health and Social Support (HeSSup) study is a prospective cohort study of a stratified random 
sample of the Finnish population in the following four age groups: 20–24, 30–34, 40–44, and 50–54. 
The participants were identified from the Finnish population register and posted an invitation to 
participate, along with a baseline questionnaire, in 1998. A total of 23,842 had data on physical 
activity and dementia and were thus eligible for our meta-analyses. The Turku University Central 
Hospital Ethics Committee approved the study.  

Physical inactivity was defined as “less than 0.5 hour of each (brisk walking, jogging, or running) per 
week.” Participants were linked to drug reimbursement, hospitalisation and death registers. 
Dementia was defined using ICD-10, codes F00, F01, F02, F03, G30 and G31 (31.0, 31.1, 31.8).  

Reference: Korkeila K, Suominen S, Ahvenainen J, Ojanlatva A, Rautava P, Helenius H, et al. Non-
response and related factors in a nation-wide health survey. Eur J Epidemiol 2001; 17: 991-9. 

National Health and Nutrition Survey (NHANES) 1971, 1976, 1990, 1999, 2001, 2003, and 2005, 
USA 

The National Health and Nutrition Examination Survey (NHANES) is a programme of studies designed 
to assess the health and nutritional status of adults in the United States. The original NHANES 
(original) sample included 20,729 persons 25 to 74 years of age. NHANES 1971 (original, n = 14 389), 
1976 (n=9,235), 1990 (n=18,070), 1999 (n=5,432), 2001 (n=5,973), 2003 (n =5,605), and 2005 
(n=5,556) are independent prospective cohort studies with data on physical activity and a follow-up 
for cause-specific deaths. In NHANES I, physical activity was measured with the question “Do you get 
much exercise in things you do for recreation?” with the response “little or no exercise” defined as 
physical inactivity (versus the responses “moderate exercise” and “much exercise”). In NHANES 2, 
the response options were the same but the question was “In things you do for recreation, for 
example, sports, hiking, dancing, and so forth, do you get much exercise, moderate exercise or little 
or no exercise?” with the response “little or no exercise” again defined as physical inactivity. In 
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NHANES III the participants were asked how often they participated in different sports included in a 
list of 9 physical activities (e.g., walking, jogging, swimming) and 1 option of other activity. Physical 
inactivity was defined as not participating in any of these activities. In the continuous NHANES 
cohorts from 1999 to 2005, the participants were asked two questions about their moderate and 
vigorous physical activities: (1) “Over the past 30 days, did you do any vigorous activities for at least 
10 minutes that caused heavy sweating, or large increases in breathing or heart rate?” and (2) “Over 
the past 30 days, did you do moderate activities for at least 10 minutes that cause only light 
sweating or a slight to moderate increase in breathing or heart rate?” Physical inactivity was defined 
as answering no to both of these questions. Stroke was defined using a broader definition of ICD-10 
codes I60-I69. 

Available ICD codes for dementia as a cause of death varied between study baseline: For NHANES 
1971, 1976 and 1988, dementia deaths were defined using ICD 9 codes: 209-294, 331.0, 331.1, 

331.2, 331.8, 331.9.  For NHANES 1999 to 2005, dementia deaths were defined using ICD 10 G30 
(Alzheimer’s disease).  

References: Madans JH, Cox CS, Kleinman JC, et al. 10 years after NHANES I: mortality experience at 
initial follow up, 1982-84. Public Health Rep 1986; 101: 474-81. 

Flegal KM, Carroll MD, Kit BK, Ogden CL. Prevalence of obesity and trends in the distribution of body 
mass index among US adults, 1999-2010. JAMA 2012; 307: 491-7. 

Webpage: http://www.cdc.gov/nchs/nhanes/index.htm  

National Health Interview Survey (NHIS) 1990-2009, USA 

The National Health Interview Survey (NHIS) is a programme of studies monitoring the health of the 
U. S. residents since 1957. NHIS data on a broad range of health topics are collected through 
personal household interviews. The U.S. Census Bureau is the data collection agent for NHIS. For 
self-reported physical activity at baseline with a sufficient mortality follow-up for dementia deaths, 
data are publicly available from surveys in 1990 (n=39,434), 1991 (n=40,841), 1995 (n=16,234), 1997 
(n=33,626), 1998 (n=29,815), 1999 (n=28,242), 2000 (n=29,501), 2001 (n=30,241), 2002 (n=27,968), 
2003 (n= 27,338), 2004 (n=28,318), 2005 (n=28,167), 2006 (n=22,543), 2007 (n=21,892), 2008 
(n=20,665), and 2009 (n=26,610). The participants were asked how often they performed moderate 
and vigorous physical activities. Physical inactivity was defined as participating in no leisure-time 
aerobic activity that lasted at least 10 minutes. Stroke was defined using a broader definition of ICD-
10 codes I60-I69. In NHIS 1990 and 1995, data on alcohol consumption were not available. NHIS 
1995 also lacked information about smoking habits. 

Dementia was defined using death records, ICD-10 code G30 (Alzheimer’s disease).  

Reference: Dawson DA. Ethnic-differences in female overweight - data from the 1985 National-
Health Interview Survey. Am J Public Health 1988; 78: 1326-29. 

Webpage: http://www.cdc.gov/nchs/nhis/ 

Still Working 

Still Working is an ongoing prospective cohort study. In 1986, the employees (n = 12,173) at all 
Finnish centres of operation of Enso Gutzeit (a forestry products manufacturer) were invited to 
participate in a questionnaire survey on demographic, psychosocial and health-related factors. 
Physical activity was measured at study baseline in 1986 and 9058 provided data and were followed 
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up for dementia. The study was approved by the ethics committee of the Finnish Institute of 
Occupational Health.  

Physical inactivity was defined as ”Sport activities less than a couple of times per month.” Data on 
height and weight (BMI) were not available. 

Participants were linked to drug reimbursement, hospitalisation and death registers. Dementia was 
defined using ICD-10, codes F00, F01, F02, F03, G30 and G31 (31.0, 31.1, 31.8) 

Reference:  Kalimo R, Toppinen S. Organizational well-being: ten years of research and development: 
in a forest industry corporation. In: Kompier M, Cooper C, editors. Preventing Stress, Improving 
Productivity: European Case Studies in the Workplace. London: Routledge; 1999. p. 52-85. 

WOLF (Work, Lipids, and Fibrinogen) Norrland, Sweden 

WOLF Norrland is a prospective cohort of 4,699 participants aged 19-65 working in companies in 
Jämtland and Västernorrland counties and with data on physical activity and dementia. At study 
baseline the participants underwent a clinical examination and completed a set of health 
questionnaires. The baseline assessment was undertaken at 13 occupational health service units in 
1996-98.  The Regional Research Ethics Board in Stockholm, and the ethics committee at Karolinska 
Institutet, Stockholm, Sweden approved the study.  

Physical inactivity was defined as “No or very little exercise, only occasional walks.” Dementia was 
defined using ICD-10, codes F00, F01, F02, F03, G30 and G31 (31.0, 31.1, 31.8). 

References: Peter R, Alfredsson L, Hammar N, Siegrist J, Theorell T, P. W. High effort, low reward, 
and cardiovascular risk factors in employed Swedish men and women: baseline results from the 
WOLF Study. J Epidemiol Community Health 1998; 52 :540-7  

Alfredsson L, Hammar N, Fransson E, de Faire U, Hallqvist J, Knutsson A, et al. Job strain and major 
risk factors for coronary heart disease among employed males and females in a Swedish study on 
work, lipids and fibrinogen. Scand J Work Environ Health 2002; 28: 238-48.  

 

Statistical analysis 

In the main analysis of all-cause dementia, Alzheimer’s disease and each cardiometabolic disease, 
we used a 2-step individual-participant-data meta-analysis including study-specific analyses in the 
first step and pooling the study-specific estimates in the second. In each study, we performed Cox 
regression to generate hazard ratios and accompanying 95% confidence intervals (CI) for the 
association between physical inactivity (yes vs no) and the outcomes. Each participant was followed 
up from the date of physical inactivity assessment to the first record of dementia (or 
cardiometabolic disease of interest), death, or the end of follow-up.  

To take into account that the associations are not necessarily similar across different 
settings, we present the summary hazard ratios from the random-effects models.  Study-specific 
hazard ratios and their 95% confidence intervals (CIs) were combined using Knapp-Hartung 
estimator for between-study variance (these estimates are reported in text).8 For comparison, the 
same meta-analyses were run using DerSimonian-Laird estimator for between-study variance (the 
default method in many software packages; these estimates are reported in appendix).9 Two 
estimators were used because evidence from empirical and simulation studies suggests that the 
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commonly used DerSimonian-Laird variance estimator can produce biased estimates particularly in 
meta-analyses based on small numbers of studies with moderate to substantial heterogeneity,9 and 
Knapp-Hartung estimator can be less biased and more efficient.8 We calculated I2 and τ to estimate 
relative and absolute heterogeneity, respectively, among the study-specific estimates (in both 
indices, higher values denote greater heterogeneity).10 

We adjusted the hazard ratios for physical inactivity for age, sex, ethnicity, 
education/socioeconomic status (minimally-adjusted), and additionally BMI, smoking, and alcohol 
intake (multivariable-adjusted). We included in the analysis participants without missing data on the 
exposure, covariates in the minimally-adjusted model and outcome, but imputed missing covariates 
for BMI, smoking and alcohol intake, if the missingness was >10% (multivariate stochastic 
imputation with chained equations). In a preliminary analysis, we examined the association between 
physical inactivity and dementia ignoring potential non-proportionality; this approach corresponds 
to meta-analyses that are possible to conduct using only summary data from published studies. 

We then examined whether the hazard ratio for physical inactivity was non-proportional 
over the follow-up using pooled individual-participant data from all cohort studies (these analyses 
were additionally adjusted for cohort). Two approaches were applied: Cox regression stratified by 
follow-up period (0 to <5 years, 5 to <10 years, 10 to <15 years, >15 years) and flexible parametric 
proportional-hazards for censored survival data on a log cumulative hazard scale.11 In the latter 
analysis, we used the Akaike information criterion12 to assist selection of the parametric model (the 
final model had two degrees of freedom for the restricted cubic spline function used for the baseline 
hazard rate and 1 degree of freedom for time-dependent effect of physical activity).  

The analysis was then performed separately for incident dementia during the first 10 years 
of follow-up (when most dementia cases were expected to be at the preclinical or prodromal stage 
of dementia at the time of baseline physical inactivity measurement) and incident dementia from 
year 10 onwards for those who did not have dementia at year 10. As in the latter analysis the 
physical inactivity assessment was 10 years or more before recorded dementia, we assumed it was 
less likely affected by preclinical/prodromal stage of dementia. Similar analyses were performed for 
each cardiometabolic disease. The estimates for physical inactivity were adjusted for age 
(continuous variable), sex, ethnicity (white vs other) and education/socioeconomic status (high, 
intermediate, low). Multivariable-adjusted effect estimates were additionally adjusted for BMI 
(continuous variable), smoking status (current, ex-, never smoker), and alcohol intake (none, 
moderate, high). 

Our analysis with follow-up starting from year 10 onwards is subject to regression dilution 
bias as people may change their physical activity during the first 10 years of follow-up. We assumed 
that the long-term level of physical activity has an impact on disease process. As the value of a single 
measurement of physical activity reflects both the usual level and random fluctuations unrelated to 
disease process, it will yield an underestimation of the true impact of physical inactivity on 
dementia. To address this potential source of bias, we corrected hazard ratios for regression dilution 
using Rosner method13 and information from the stability of physical activity. The latter was 
estimated from repeated measurements of physical activity in two cohort studies with repeat 
physical inacitivty assessment (the Finnish Public Sector study and the Health and Social Support 
Study) and the pooled correlation coefficient was r=0.416 for 10-year stability.  

For comparison to our analyses of physical inactivity and dementia, we examined the 
associations of physical inactivity with incident diabetes mellitus, coronary heart disease and stroke 
and treated them as positive controls. We assumed that if the positive control does not produce the 
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expected result (i.e. an association of physical inactivity with incident type 2 diabetes, coronary 
heart disease and stroke is observed as these associations have previously been confirmed in meta-
analyses of cohort studies and using randomized controlled trials on these or surrogate outcomes),5-

7 our measurement of physical inactivity or analytic procedure might not be correct and thus also 
findings of dementia might not be valid. Expected associations between physical inactivity and these 
cardiometabolic diseases, in turn, support the validity of our analytic approach.  

To assess dose-response pattern, we repeated the main analyses using a 3-level physical 
activity measure as the exposure. This measure was available from the Finnish Public Sector study 
(FPS), the Health and Social Support study (HeSSup), WOLF, GAZEL, and the Still Working study.  

To examine robustness of our findings, we performed pre-selected subgroup analyses by 
sex, age (threshold 60 years), study-specific physical inactivity prevalence (threshold 40%) and 
outcome ascertainment method (electronic records from morbidity registers, mortality registers, 
and both). Due to smaller sample sizes in these subgroups, the analyses were based on pooled data 
across all cohorts rather than meta-analysis of study-specific estimates and were adjusted for study 
in addition to other covariates.  

To address potential survival bias we conducted a Fine and Gray competing risk analysis with 
dementia and death as outcomes.14 This analysis was confined to the 5 studies with dementia 
identified using morbidity and mortality data. The late onset of disease may introduce survival bias. 
As the onset of dementia is at an older age than those of diabetes and coronary heart disease, we 
repeated the analysis of physical inactivity, diabetes, coronary heart disease and stroke in 
participants who were alive at age 65 and free of the health outcome of interest at that age. In this 
group, mean age at recorded incident diabetes, coronary heart disease or stroke was comparable to 
the mean age of recorded dementia in the entire cohort, thus reducing any differences in survival 
bias between analyses of dementia and the other health outcomes. The purpose of this sensitivity 
analysis was to compare the association between physical inactivity and cardiometabolic diseases to 
that between physical inactivity and dementia when the age of disease onset is the same for 
cardiometabolic diseases and dementia. 

To assess the association of physical inactivity with dementia in relation to cardiometabolic 
disease (i.e. having one or more of diabetes, coronary heart disease and stroke), we formed two 
dementia endpoints for participants with no cardiometabolic disease at baseline and no dementia at 
year 10:  

(1) incident cardiometabolic disease followed by incident dementia (defined as cases, all 
others as non-cases) and  

(2) incident dementia without preceding cardiometabolic disease (defined as cases, all 
others as non-cases).  

Censoring was at the date of dementia, death or end of follow-up. We tested whether 
physical inactivity was differently associated with these outcomes using the following formula:  

 
χ2(1 degree of freedom) = (b1-b2)2/ (SE1

2+ SE2
2),  

where bi is parameter estimate for event endpoint i 
SEi is standard error for event endpoint i.15 
 
In these analyses, pooled data were used. Morbidity and mortality data for these disease 

trajectories were available from 5 studies: the Finnish Public Sector study (FPS), the Health and 
Social Support study (HeSSup), WOLF, GAZEL, and the Still Working study. 
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 We used SAS (version 9.4) to analyse physical inactivity-health outcome associations 
separately in study-specific data. R (version 3.3.1) was used in meta-analyses to combine study-
specific estimates.  
 

Statistical code 

 

Imputation (stata code) 

 
cap mi unset 
mi set flong 
mi register imputed SES bmi alcocl smokerex edu1 
mi register regular sex age1 inactive status_mort 
mi impute chained (reg) bmi (pmm, knn(5)) alcocl (ologit) SES (mlogit) 
smokerex  = sex age1 inactive status_mort ethnicity, add(1) rseed(984571) 
noisily 
 
Figure 2: 
 
Stata code (for both all-cause dementia and Alzheimer’s disease as outcome): 

 
stpm2 age sex i.ses inactive, df(2) scale(hazard) tvc(inactive) dftvc(1)  
eform  
est store model1 
predict hr, hrnum(inactive 1) hrdenom(inactive 0) timevar(_t) ci 
estimates stats model1 
 
SAS code: 

proc phreg data=yht2;  
class inactive(ref='0') SES ethnicity study; 
* <5 yrs     *; 
model futimeA1*statusA1(0)= sex age SES ethnicity study inactive / rl;  
* 5- <10 yrs *;  
*model futimeA2*statusA2(0)= sex age SES ethnicity study inactive / rl; 
* 10- <15 yrs*;  
*model futimeB1*statusB1(0)= sex age SES ethnicity study inactive / rl; 
* 15- yrs    *;  
*model futimeB2*statusB2(0)= sex age SES ethnicity study inactive / rl;  
run; 
 
Figure 3 & Appendix Figures 1-6,8: 

SAS code: 

proc phreg data=yht2; 
class inactive(ref='0') SES ethnicity; 
*class inactive(ref='0') SES ethnicity alcocl smokerex; 
model futime*status(0)= sex age SES ethnicity inactive / rl; * all *; 
*model futimeA*statusA(0)= sex age SES ethnicity inactive / rl; * <10yrs*; 
*model futimeB*statusB(0)= sex age SES ethnicity inactive / rl; * 10+yrs*; 
*model futime*status(0)= sex age SES ethnicity bmi alcocl smokerex inactive 
/ rl; * all, multivariable adjusted *; 
by study; 
ods output ParameterEstimates=pe CensoredSummary=cs; 
data pe; set pe; if parameter='inactive'; 
data res; merge pe cs; by study;  
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keep study Estimate StdErr ProbChiSq HazardRatio HRLowerCL HRUpperCL Total 
Event; 
proc print data=res; 
run; 

R code: 

# Knapp-Hartung estimator 

library(metafor) 

labels<-c("FPS","Gaz","HALS","HEA","STW","WON","nhanes1971","nhanes1999", 
"nhanes2","nhanes2001","nhanes3","nhis1990","nhis1991","nhis1995","nhis1997
","nhis1998","nhis1999","nhis2000","nhis2001") 

est1<-c (0.08479,-0.01386,0.36011,0.18616,0.06001,0.49915,0.03004,0.43480,-
0.85263, 0.29342,0.38270,0.07668,-0.19465,0.14180,-
0.02180,0.30499,0.30070,0.59093,0.73747) 

var1<-c 
(0.12872^2,0.57401^2,0.35944^2,0.25062^2,0.20772^2,0.71187^2,0.20324^2,0.46
894^2, 
0.58231^2,0.35423^2,0.23621^2,0.13050^2,0.12676^2,0.22601^2,0.17415^2,0.204
34^2,0.21882^2,0.24537^2,0.26525^2) 

kh<-rma.uni(est1,var1,measure="RR",method="DL",knha=TRUE) 
summary(kh) 
forest(kh,atransf=exp) 

Appendix Figure 7: 

SAS code: 

* morbidity, competing risk, 10+ yrs *; 
proc phreg data=yht2; where IPD=1; 
class inactive(ref='0') SES ethnicity study; 
model futime_dem2B*status_dem3B(0)= sex age SES ethnicity study inactive / 
eventcode=1 rl;  
run; 

Figure 4: 

SAS code: 

proc phreg data=yht2;  
where age2=1; 
*where age2=2; 
*where sex=1; 
*where sex=2; 
*where palevel=1; 
*where palevel=2; 
class inactive(ref='0') study SES ethnicity; 
model futimeA*statusA(0)= sex age SES ethnicity study inactive / rl; * <10 
yrs*; 
*model futimeB*statusB(0)= sex age SES ethnicity study inactive / rl; * 10+ 
yrs*; 
run; 
proc phreg data=yht2; where IPD=1; 
class inactive(ref='0') study SES ethnicity; 
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model futimeA*statusA(0)= sex age SES ethnicity study inactive / rl; * 
<10*; 
*model futimeB*statusB(0)= sex age SES ethnicity study inactive / rl; * 
10+*; 
run; 
proc phreg data=yht2; where IPD=1; 
class inactive(ref='0') SES study; 
model futime_dem2A*status_dem2A(0)= sex age SES study inactive / rl; * 
morbidity, <10*; 
*model futime_dem2B*status_dem2B(0)= sex age SES stud2 inactive / rl; * 
morbidity, 10+*; 
run; 
proc phreg data=yht2; where IPD=0; 
class inactive(ref='0') study SES ethnicity; 
model futimeA*statusA(0)= sex age SES ethnicity study inactive / rl; * 
mortality, <10*; 
*model futimeB*statusB(0)= sex age SES ethnicity study inactive / rl; * 
mortality, 10+*; 
run; 

Figure 5: 

SAS code: 

* physical activity (0-2) *; 
proc phreg data=yht2;  
class study SES ethnicity h_physact(ref='2'); 
model futimeA*statusA(0)= sex age SES ethnicity study h_physact / rl;  
*model futimeB*statusB(0)= sex age SES ethnicity study h_physact / rl;  
run; 

Figure 6: 

SAS code: 

data yht3; 
set yht2; 
IF IPD=1 and exdisease=0; 
status_dis=max(status_db,status_chd,status_stroke); 
futime_dis=min(futime_db,futime_chd,futime_stroke); 
if status_dis=1 and statusB=1 and futime_dis>futimeB then status_dis=0; 
statusB_dis=statusB; if statusB=1 and status_dis=0 then statusB_dis=0; 
statusB_nodis=statusB; if statusB=1 and status_dis=1 then statusB_nodis=0; 
run; 
proc phreg data=yht3;  
class inactive(ref='0') study SES ethnicity; 
* 10+ yrs *; 
model futimeB*statusB_dis(0)= sex age SES ethnicity study inactive / rl;  
*model futimeB*statusB_nodis(0)= sex age SES ethnicity study inactive / rl;  
run; 
 

Table 1: 

SAS code: 

proc phreg data=yht2; where IPD=1; ** exposures: 
exdb,exchd,exstroke,exdisease **; 
class exdb(ref='0') study SES ethnicity; 
model futime*status(0)= sex age SES ethnicity study exdb / rl; * all *; 
*model futimeA*statusA(0)= sex age SES ethnicity study exdb / rl; * <10 *; 
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*model futimeB*statusB(0)= sex age SES ethnicity study exdb / rl; * 10+ *; 
run; 

 

Supplementary results 

eTable 1 reports descriptive data for the included cohort studies. eFigure 1 shows results from the 
random-effect meta-analysis on the association between physical inactivity and dementia in the 
entire follow-up. Results from meta-analyses of the associations between physical inactivity and 
disease insidence in two different follow-ups are shown in eFigures 2-6 for incident dementia, 
Alzheimer’s disease, diabetes, coronary heart disease and stroke.  

In relation to the follow-up from year 10 onwards for incident dementia, hazard ratios 
favoured risk factor status for physical inactivity in 12 studies and a protective effect in 7 studies. In 
this latter follow-up for Alzheimer’s disease, 6 hazard ratios favoured risk status and 7 a protective 
effect. In contrast, despite heterogeneity in study-specific estimates, the hazard ratios for physical 
inactivity favoured risk factor status in 16-17 of the 18 studies on diabetes in both follow-ups. This 
was the case for 18-19 of the 19 studies on incident coronary heart disease and 15-18 of the 19 
studies on incident stroke. 

The mean age at ascertainment of dementia was high (80.6 years), compared to the mean 
age for diabetes, coronary heart disease and stroke (66.8, 75.1 and 73.4 years), raising the possibility 
of more severe survival bias as an explanation for weaker associations of physical inactivity in 
relation to dementia compared to cardiometabolic disease. This possibility was not supported by 
Fine and Gray competing risk analyses for dementia (eFigure 7), or a sensitivity analysis of incident 
cardiometabolic disease in a group of participants without cardiometabolic disease at age 65. In the 
latter analysis, the excess risk of diabetes, coronary heart disease and stroke associated with 
physical inactivity was evident (hazard ratios 1.27, 95% CI 1.16-1.39; 1.14, 95% CI 1.07-1.21; and 1.07 
95% CI 0.97-1.17, respectively) in spite of the mean age at ascertainment of the health outcome 
being comparable to that for dementia (77.9, 81.9 and 80.5, respectively). 

eFigure 8 shows that adding previous long-term follow-up studies16-18 to our meta-analysis 
of the association between physical inactivity and dementia when follow-up for dementia in our 
studies was started at year 10 did not change conclusions from our main analysis.
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eTable 1. Cohort characteristics 
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eFigure 1. Hazard ratio for the association of physical inactivity with risk of all-cause dementia after 
minimal adjustment (age, sex, ethnicity and SES/education as covariates) and multivariable adjustment 
(smoking, BMI, physical activity, and alcohol consumption as additional covariates). 
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eFigure 2. Hazard ratio for the association of physical inactivity with risk of all-cause dementia in the 
first 10 years of follow-up in participant without dementia at baseline and from year 10 onwards in 
those without dementia at year 10 (age-, sex-, ethnicity and SES/education-adjusted random-effects 
meta-analysis) 
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eFigure 3. Hazard ratio for the association of physical inactivity with risk of Alzheimer’s disease in the 
first 10 years of follow-up in participant without dementia at baseline and from year 10 onwards in 
those without dementia at year 10 (age-, sex-, ethnicity and SES/education-adjusted random-effects 
meta-analysis) 
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eFigure 4. Hazard ratio for the association of physical inactivity with risk of diabetes mellitus in the first 
10 years of follow-up in participant without diabetes at baseline and from year 10 onwards in those 
without diabetes at year 10 (age-, sex-, ethnicity and SES/education-adjusted random-effects meta-
analysis) 
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eFigure 5. Hazard ratio for the association of physical inactivity with risk of coronary heart disease in the 
first 10 years of follow-up in participant without the disease at baseline and from year 10 onwards in 
those without the disease at year 10 (age-, sex-, ethnicity and SES/education-adjusted random-effects 
meta-analysis) 
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eFigure 6. Hazard ratio for the association of physical inactivity with risk of stroke in the first 10 years of 
follow-up in participant without stroke at baseline and from year 10 onwards in those without stroke at 
year 10 (age-, sex-, ethnicity and SES/education-adjusted random-effects meta-analysis) 
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eFigure 7. Age-, sex-, ethnicity and SES/education-adjusted hazard ratio for the association of physical 
inactivity with risk of dementia and Alzheimer’s disease from year 10 onwards in participants without 
dementia at year 10, before and after adjustment for competing risk of death 
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eFigure 8. Hazard ratio for the association of physical inactivity with risk of dementia and Alzheimer’s 
disease from year 10 onwards in participants without dementia at year 10 in the present study and 
those for the association during a long follow-up in three previously published studies (random-effect 
meta-analysis) 
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